The poor quality of Kenyan in situ concrete has necessitated research to establish the properties of the ingredient materials and their influence on the troubling rate of failure of reinforced concrete structures in the country during construction and usage. The compressive strength of concrete relies on the properties of the constituent materials, proportions of the mixture, workmanship, compaction method and curing conditions. This paper outlines findings of an experimental investigation on the properties of Kenyan concrete ingredient materials and their influence on the compressive strength of concrete in Kenya. Three types of cements (42.5N, 32.5R, 32.5N) from six different cement manufacturers and fine aggregates from three different regions in the country were used during the study. Cements and aggregates chemical analysis was done using the Atomic Absorption Spectrometer machine while the physical and the mechanical properties were checked based on the British Standards. The British DOE concrete mix design method was used to generate the concrete mix proportion and concrete was tested for early and ultimate compressive strengths at 7, 14 and 28 days. It was observed that the different cement brands have varying properties with CEM A having the highest ultimate compressive and flexural strengths. It was further noted that aggregates from the coastal region produced concrete of higher compressive strengths. When the commonly used mix design method was adopted, blended Portland cements produced concrete with ultimate compressive strengths lower than the designed target strengths. The study therefore recommends the development of a concrete mix design procedure for blended cement concrete production in Kenya.
Introduction
Concrete is the most widely used construction materials worldwide with about 13 billion metric tons being used annually [1] [2] [3] [4] . This wide usage is attributed to its wide range of compressive strength, versatility, durability, low maintenance, fire-resistance, ease of local production and use [5] [6] . The production of concrete involves the mechanical and chemical interraction of its constituent materials; binder, fine and coarse aggregates and water thus the compressive strength, workability, durability and other properties of concrete rely on the individual properties of its constituent materials, mixture proportions, workmanship and curing conditions [2] [7] [8] [9] . The main factors influencing the concrete mix design are type and content of cement, water/cement ratio, aggregates ratio and total aggregate/cement ratio [10] . Approximately 31 reinforced concrete buildings have collapsed in Kenya between the years 2003 to 2015. Majority of the failure occurred during construction. This collapse has been attributed to among other possible causes, the quality of in-situ concrete and poor workmanship [2] [8] [11] .
Research has shown that concrete compressive strength depends on the properties of cement used [2] [12] . The most commonly used cement in Kenya and most developing countries are the blended Portland cements [1] . The blended Portland cement concrete has lower compressive strengths at 28 days compared to Ordinary Portland cements concrete [2] [12] [13] [14] [15] [16] . The differences in the constituent materials also have an effect on the durability of concrete [17] . The reduction in strength is proportional to the type of and percentage of the pozzolanic material added to the blend [18] . Mouli et al. (2008) however report that the compressive, splitting and flexural strengths of the concrete can be improved in the long term by the addition of natural pozzolan between 20% -30% [19] . Khaled Marar and Özgür Eren also report that the workability of concrete can be improved by increasing cement content [20] . The variations in chemical constituents also affect the physical and mechanical properties of cement.
Aggregates constitute 70% to 80% of the total concrete volume [21] . In Kenya, the commonly used coarse aggregates are crushed stones while the commonly used fine aggregates are river sand. Research has also shown that the type, amount, composition, gradation and quality of aggregates affect the durability and compressive strength of concrete [5] [8] [21] - [28] . It has also been reported that the particle size distribution and fraction of coarse aggregates influence both the workability and strength properties of concrete [29] . Research by Amnon and Hadassa indicates that concrete compressive strength can be improved by up to 30% by addition of fines if workability can be controlled [30] .
This study therefore evaluated the physical, chemical and mechanical properties of locally available cement, coarse aggregates and fine aggregates and investigated the influence of the cement and fine aggregates type and properties on the quality of in situ concrete in Kenya. In this paper, the properties of cement and aggregates are presented and their influence on the concrete compressive strength is evaluated.
Methodology
In concrete production, every constituent material is expected to perform certain specific functions to achieve the designed concrete compressive strength and other properties. The research experiments were divided into two parts: the first was to establish the chemical, physical and mechanical properties of the ingredient materials while the second was to investigate the effect of the properties of the cements and fine aggregates on the Kenyan concrete compressive strength.
Materials

Cement
In Kenya, Cement is produced in accordance to KS EAS 18-1: 2001 which is an adoption of the European Norm EN 197 cement standards [31] . Lime and natural pozzolanic materials such as tuffs, volcanic ashes and diatomaceous earths deposits are commonly used to manufacture the blended Portland cements. The cements locally available are Pozzolanic Cement (PC) CEM IV/A having 11% -35% pozzolanic material, Portland Pozzolanic Cement (PPC) CEM II/B-P containing 21% -35% natural pozzolana, Portland Limestone Cement (PLC) CEM II/A-LL having 6% -20% limestone and Ordinary Portland cement (OPC) CEM I produced for specific uses [1] . Three types of cements (42.5N, 32.5N and 32.5R) from six local manufacturers (CEM A, CEM B, CEM C, CEM D, CEM E, CEM F) were used during the research.
Fine Aggregates
The fine aggregates from three sources referred to as TS from the coastal region, QV from the North Rift and QB from Nairobi region were used during the study.
Coarse Aggregates
Coarse aggregate from four different regions of the country (Kenyan south coast region, the central region, the north rift region and the south rift region) were tested to determine their chemical composition. The same type of coarse aggregates from Mlolongo Quarry was then used to make the concrete for the compressive strength tests.
Water
Tap water from Jomo Kenyatta University of Agriculture and Technology water treatment plant was during the research. 
Concrete Mix Design and Compressive Strength Test
Concrete mix design is the science of correct proportioning of concrete constituent materials based on structure requirements to obtain the desired properties of concrete such as strength and practical workability [6] . In Kenya, concrete mix design is done based on the British Standards. 
Results and Discussion
Properties of Locally Available Concrete Constituent Materials
Properties of Locally Available Cements i) Chemical Properties of Cements in Kenya
Cement is the most commonly used binder material in concrete. It makes concrete impermeable by filling up the voids existing in the aggregates and provides strength to the composite mix upon setting and hardening. The cements properties tested during this research were the chemical composition, the initial setting time, the compressive and flexural strengths and the density.
Three types of cements were investigated during the research and Tables 1-3 give however noted that for each type of cement, the different brands had varying fineness with CEM B having the highest Blaine fineness for both the ordinary and blended Portland cements as illustrated in Figure 6 .
Properties of Locally Available Aggregates
The shape and texture of aggregate affects the properties of fresh concrete. Concrete is more workable when smooth and rounded aggregate is used instead of rough angular or elongated aggregate. The grading or size distribution of aggregate determines the paste requirement for workable concrete while the moisture content of the aggregates influences the water/binder ratio. The density of the aggregates is required in mixture proportioning to establish weight-volume relationships. Provided that aggregates are stronger than the paste and strong enough not to break down or abrade during the mixing process, crushing strength has no effect on the properties of fresh concrete. The results of the chemical analysis in Figure 7 indicate that other than the aggregates from the coastal regions which had high amounts of CaO (22.41 % and 26.21%) and lower amounts of insoluble residues (36.87% and 34.58%) compared to aggregates from the other parts of the country which had insoluble residues amounting to more than 55%, the aggregates from all the other sources had similar chemical properties.
The mechanical properties of the mlolongo coarse aggregates used in the experiment were investigated and the results are as shown in Table 4 .
ii) Properties of Fine Aggregates
Fine aggregates affect the workability and the surface finish of concrete. Table   5 shows the physical and mechanical properties of the different fine aggregates international standards, only one out of the three fine aggregates had silt contents within the recommended limit. Research has shown that fine aggregates from Nairobi and its environs have impurities that exceed the minimum recommended levels [8] .
The sieve analysis results were as shown in Figure 8 . The fine aggregates were falling under zones I and II based on the British Standards with percentage passing seive 600 micron being between 15% and 59%.
Influence of Cement Chemical Properties on Concrete Compressive Strength
In concrete reaction, the main cement chemical properties The deficiency of CaO in the blended Portland cements shown in Figure 2 can explain the reduced compressive strengths of the blended cement concrete compared to the ordinary Portland cement concrete as indicated from the results in Figure 9 . The blended Portland cement concrete therefore leads lower compressive strengths compared to the ordinary Portland cement concrete at 28 days 
Influence of Cement Type on Concrete Compressive Strength
The effect of the cement type on the compressive strength of concrete was investigated by using two types of cements (42.5N and 32.5N) to cast five different classes of concrete designed using the British DOE method and testing for compressive strength at 7, 14 and 28 days. The average results are as shown in Figure   8 . This was then followed by investigating the effect of the different brands of the blended Portland cements on the compressive strength of concrete using the same mix design of 1:1.5:3 for class 25 MPa concrete using the same aggregates.
The results were as shown in Figure 10 .
At 28 days, the average difference between the 32.5N and the 42.5N cements compressive strength is 7.5 MPa. When these two types of cements are used to cast concrete, the average difference in compressive strength of the concrete of 
Influence of Fine Aggregates Properties on the Water/Cement Ratio of Concrete
The influence of the fine aggregates properties in Table 5 on the water/cement ratio was evaluated by maintaining a slump of 50 ± 5 mm. It was observed that the fine aggregates with finer particles required more water to wet their larger surface area, whilst the irregular shape and rougher texture of the angular aggregate demand more water than rounded aggregates as shown in Table 6 . The fine aggregate TS which were Spherical, well rounded with smooth surface had shown an increase in workability with less water requirements to attain the required 50 ± 5 mm slump. Fine aggregate QB which were angular, elongated, rough surfaced with fine particles and Fine aggregate QV with finer particles required more in order to achieve a constant slump of 50 ± 5 mm [24] [25] [30] .
Effect of Fine Aggregates Properties on the Compressive Strength of Concrete
The effect of the different fine aggregates types on the compressive strength of concrete was evaluated by casting cubes and testing at 7 and 28 days the compressive strength of the concrete. The same (Mlolongo) coarse aggregates were used at the same mix ratio of 1:1.5:3 at a constant slump of 50 ± 5 mm. It was observed that fine aggregate (TS) from the coastal region yielded a higher strength compared to the other fine aggregates QB and QV as shown in Figure   11 .
The results show that the strength development of concrete does not only depend on the grading of the fine aggregates but also on the shape and texture of the fine aggregates whereby the coastal fine aggregates had were smooth, coarse and rounded thus required less water to achieve the required slump thus reducing the water/cement ratio and in turn increasing the compressive strength of concrete with all the three different types of cements used. QV had finer particles which required more water to wet their large surface area at a constant slump, thus decreased its strength while QB had irregular shape and rougher texture with finer particles which demanded more water to achieve the required Table 6 (0.67 water/cement ratio) to achieve the target slump of 50 ± 5 mm therefore lowering the overall concrete strength as shown in Figure 11 .
Research has shown that 86.2% of sand in Nairobi and its environs have silt content that exceed the minimum recommended limits for silt and clay content [8] . Two of the three types of fine aggregates used in this research exceeded the minimum limit of 4% stated in the British Standards. This therefore shows that majority of the fine aggregates used in the construction sites exceed the minimum requirements thus they reduce the compressive strength of concrete in the country leading to possible failure of concrete buildings.
Conclusions
The compressive strength of concrete depends on the chemical and the mechanical properties of the ingredients used and concrete mix proportions among other factors. From the results of this experimental investigation, on average, the cements tested met the minimum compressive strength requirements. The different cement brands however had varying chemical, physical and mechanical properties. As expected, the ordinary Portland cements had higher strengths compared to the blended Portland cements and when the different cement types were used to cast concrete designed based on the commonly used British Standards, the blended Portland cement concrete did not meet the target compressive strengths at 28 days while the ordinary Portland cement concrete exceeded the target strength when the same mix design was used. It is therefore evident that the currently used concrete mix design procedures yield concrete that does not meet the target ultimate compressive strength requirements at 28 days when blended Portland cements are used to directly replace the ordinary Portland cements, which is the current practice in Kenya possibly leading to failure of concrete structures in Kenya.
It was further observed fine aggregates from the coastal region (TIWI) required less water to achieve the target slump reducing the water/cement ratio of the mix and leading to increased concrete compressive strengths when all the three types of cements were used. Only one out of the three fine aggregate types used during the experiment met the minimum requirements for clay and silt content further reduced the compressive strength of the in situ concrete in Kenya.
The Kenyan construction professionals should therefore come up with policies to ensure quality control of construction materials and develop a mix design method for the cheaper and commonly used blended Portland cements to ascertain the quality of in situ concrete in the country to save lives and property lost due to the collapse of concrete structures.
